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I . Introduction 

This report presents all of the data determined in response to the contract awarded to 
Marathon Oil Company by The University of Tulsa Parafin Deposition Joint Industry Project (JIP). 
The purpose of this work was to provide fluid property data on hydrocarbon fluids to be used in 
the JIP single phase and multiphase flaw deposition tests. Required are: 

1. Sample Conditioning and Physical Recombination for Recombined Oil 1, 
Recombined Oil 2, Recombined Condensate, Flow Loop Oil, and Flow Loop 
Condensate: 

For each recombined oil, restore separator gas and separator liquid by heating and 
pressurization back to 150°F. From specified gas-oil ratio, use the conditioned 
separator products to reconstitute the original reservoir fluid. Work includes 
separator fluid qualw checks, compositional analysis including C&+ composition of 
recombined reservoir fluid, density measurements, and physical recombination. 

For each separator oil, check the stock tank oil for water content. Heat stock tank oil 
container walls and agitate fluid. Synthesize solution gas from supplied composition 
or liquefy natural gas if sample is provided. From specified gas-oil ratio, use stock 
tank oil and natural gas to reconstitute the flow loop fluids. Work includes 
compositional analysis including &+ composition of reconstituted flow loop fluid, 
density of reservoir fluid at Pot,, synthesis or liquefaction of natural gas, and physical 
recombination. 

For Recombined Oil 1 and Recombined Condensate, reconstitute approximately 1 
additional liter of reservoir fluid and ship to D.B. Robinson 8 Associates in Edmonton, 
Alberta Canada. 

2. Constant Composition Expansion (CCE) Studies for Recombined Oil 1, Recombined 
Oil 2, Recombined Condensate, Flaw Loop Oil, and Flow Loop Condensate: 

For each recombined fluid, measure phase volumes, phase densities (Anton-Paar 
'oscillating tube" densitmeter), and liquid phase viscosities (capillary coil 
viscometer) at three pressures (the saturation pressure, 500 psia, and one 
intermediate pressure) for three temperatures each (40°F, reservoir temperature, and 
an intermediate temperature). 

For each flow loop fluid, measure phase volume fractions, phase densities, and liquid 
phase viscosities at fnre pressures (the saturation pressure, 500 psia, and three 
intermediate pressure) for three temperatures each (40°F, reservoir temperature, and 
an intermediate temperature). 

3. Cloud Point Determinations for Recombined Oil 1, Recombined Oil 2, Flow Loop Oil, 
and Flow Loop Condensate: 

For each recombined oil, measure cloud point (wax appearance temperature M I )  
and wax dissolution temperature (WDT) at five different pressures. One of two 
different techniques will be selected for these measurements based on results 
obtained by both techniques for one pressure (above saturation pressure). Fitter 
plugging (10.000 psig pressure limit) measures cloud point under dynamic conditions. 
Scattering of Infrared energy (FTIR, 7,000 psi limit) measures the cloud point under 
static conditions. 

For each flow loop oil, measure WAT and WDT at 5 different pressures using high- 
pressure cloud point technique selected above. 



2. Experimental Data 

Separator and stock tank samples were taken from three wells: South Pelto 10 Well 9-2, 
Main Pass 299 Well 84, and Garden Banks 426 Well A-14. The following field samples were 
taken from each well: 

South Pelto 10 Well 9-2 
(8) one liter cylinders of separator gas 
(4) one liter cylinders of separator liquid 
(2) five gallon DOT cans of stock tank oil 

Main Pass 299 Well 84  
(5) one liter cylinders of separator gas 
(2) one liter cylinders of separator liquid 
(2) five gallon DOT cans of stock tank oil 

Garden Banks 426 Well A-14 
(16) 500 cc cylinders of separator gas 
(6) 500 cc cylinders of separator liquid 
(2) one gallon DOT cans of stock tank oil 

A 43.8-liter cylinder containing a synthetic fivecomponent gas blend representing The 
University of Tulsa's natural gas stream was prepared by Marathon Oil Company. This gas and 
liquid samples were recombined to make the reservoir and flow loop fluids studied in this work. 

The experiments were performed by Marathon Petroleum Technology Company, 
Nenniger Engineering, and D.B. Robinson Associates. The data are organized by fluid in three 
sections included as appendices. Each appendix is a properties report for a particular fluid. 
Appendix 3.1 reports data measured on oil from Mobil's South Pelto 10 Field. Appendix 3.2 
reports data measured on condensate from Shell's Garden Banks 426 Field. Appendix 3.3 
reports data measured on oil from Chevron's Main Pass 299 Field. The order for which the data 
appear in each section is approximately the same order as prescribed in the proposal. Also 
attached, without the sections from the Quarterly reports, as Appendix 3.4 is the Final Report 
prepared by Marathon that was distributed and presented to participants at the April 1997 
Advisory Board meeting. 



3 .  Appendices 

3.1 . S. Pelto I 0  Well 9-2 Fluid Characterization and Property Evaluation Study 

3.2. Garden Banks 426 Well A- 14 Reservoir Fluid Chamcterization and Property Evaluation Study 

3.3. Main Pass 299 Well B-4 Fluid Characterization and Property Evaluation Study 

3.4. Marathon's Fluid Characterization and Property Evaluation Final Report 



Appendix 3.1: S. Pelto 10 Well 9-2 Fluid Characterization and 
Property Evaluation Study 

3. I. Oil I- South Pelto 

On January 12, 1996, Weatherly Laboratories collected separator samples from Mobil Oil 
Company's South Pelto Well No. 9-2 for The University of Tulsa's JIP Recombined Oil No. 1 
studies. Duplicate samples were collected resulting in a total of eight separator gas samples and 
four separator liquid samples. These samples, plus a fnre gallon can of stock tank oil, arrived at 
Marathon Oil Company's Petroleum Technology Center on January 19,1996. 

3.1.1. SemratorSampks 

As a qualrty check, the opening pressure of the separator gases and the bubble point 
pressure of the separator liquids were determined at ambient temperature. These results are 
presented in Table 3.1 .l. One of the samples, separator gas Cylinder No. WL-142 appeared to 
haw been compromised. Prior to taking any sample outage, each separator liquid cylinder was 
conditioned by being heated to 150°F and pressurized to 1500 psg. Each separator gas cylinder 
was also conditioned by being heated to 150°F. 

Compositions were determined for all separator gases and liquids. The stock tank oil 
gravities from all produced samples are given in Table 3.1.2. The compositional results show that 
there is very good comparison between the duplicate gas and liquid samples. These data are 
presented in Tables 3.1.3 and 3.1.4. The composition of the separator liquid was also analyzed 
by using gas chromatography. The separator liquid compositions are reported through &+ in 
Table 3.1.4. The mass percent values are measured. The properties of the individual Cg, 
fractions were not measured but rather estimated. The molecular weights of the c&29 fractions 
are values reported by Katz and ~iroozabadi' for general petroleum fractions. The specific 
gravity values for fractions are calculated using a constant Watson K factor of 1 1.87. The 
CX,., molecular weight and overall Watson K factor were calculated to match the measured 
molecular weight, measured by Freezing Point Depression, and the 60°F density value, 
measured by using a Paar-Meffler densitometer, for the stabilized liquid created from the 
separator liquid. 

Figure 3.1.1 shows the equilibrium K values plotted for gas composition from Cylinder 
No. WL-256 and liquid composition from Cylinder No. WL-170. The K-value results indicate that 
the collected separator gases and liquids were in equilibrium at separator conditions. 

3.1.2. R m o i r  Fluid Promties 

3.1.2. I .  Recombination 
Erratic production rates of gas and liquid as well as the production of free gas, solution 

gas, and gas lift gas were observed during previous South Pelto sampling operations. Upon 
conferring with The University of Tulsa personnel and Marathon management, it was decided that 
the separator products should be recombined to the static shut-in conditions of 3192 psig and 
232°F obtained from a Well No. 9-2 pressureltemperature survey run on December 5, 1995. 

1 Katz, D. L. and Firoorabadi, A., 'Predicting Phase Behavior of Condensate Crude-Oil 
Systems using Methane Interaction Coeffcients", J. Pet. Tech., November 1978, pp. 1649 - 
1655. 



As stated in the proposal, the fluid in the PVT cell was expanded down to 506 psia where 
the equilibrate gas was pumped off to the densitmeter. All remaining gas was then pumped out 
of the PVT cell until the 506 psia equilibrium oil was all that remained in the cell. The oil at this 
pressure was then pumped to the densitmeter and the viscorneter. 

After the 506 psia measurements, another small portion of recombined reservoir fluid was 
charged to the PVT cell. This fluid was used to venfy the bubble point pressure and obtain 
pioperty data at the intermediate pressure of 1874 psia. 

The CCE data along with the density and viscosity data are presented in Table 3.1.7. 
The density values denoted by an asterisk are measured. All other oil densities above bubble 
point are interpolated from relative volume data. All oil viscosities denoted by asterisk are 
measured. The oil viscosity at the bubble point pressure is linearly interpolated from the 
measured single-phase oil viscosity values. 

3.1 -2.4. Constant Gmposition Exwnsion Test 8 1 36°F 
A portion of the reservoir fluid was charged to a high-pressure visual PVT cell and 

thermally equilibrated at 136°F. The fluid was then subjected to a constant composition 
expansion, CCE. During this expansion a bubble point pressure of 2895 psia was observed. 

As stated in the above CCE at 232"F, an amount of fluid was also charged from the 
recombination cylinder to the densitometer and viscometer. Single-phase density and viscosity 
measurements were taken at various pressures at 136°F. 

The fluid in the PVT cell was expanded down to 506 psia where the equilibrate gas was 
pumped off to the densitometer. All remaining gas was then pumped out of the PVT cell until the 
506 psia equilibrate oil was all that remained in the cell. The oil at this pressure was then 
pumped to the densitmeter and the viscometer. 

After the 506 psia measurements, another small portion of recombined reservoir fluid was 
charged to the PVT cell. This fluid was used to verify the bubble point pressure and obtain 
property data at the intermediate pressure of 1722 psia. 

The CCE data dong with the density and viscosity data are presented in Table 3.1.8. 
The measured and interpolated values for density and viscosity were determined by the same 
techniques used at 232°F (Table 3.1.7). 

3.1 2.5. Constant Gmposition b n s i i n  Test 0 42°F 

A portion of the reservoir fluid was charged to a high-pressure visual PVT cell at 136°F. 
The PVT cell and airbath were then cooled down to the requested temperature of 42°F while 
being agitated. The fluid was then subjected to a constant composition expansion, CCE. During 
this expansion a bubble point pressure of 2518 psia was observed. 

The fluid in the PVT d l  was expanded down to 506 psia. The equilibrate gas was 
pumped off to the densitmeter. Prior to remwing any oil, the PVT cell was never allowed to 
remain static. The 506 psia equilibrate oil was then pumped to the densitmeter and the 
viscometer. The data obtained for density appears reliable with no apparent problems being 
observed. The pressure drop at various flow rates needed to calculate the viscosity at this 
pressure were erratic. Several runs were performed in order to get stabilized readings. 

A small portion of recombined reservoir fluid was charged to the PVT cell. This fluid was 
used to verify the bubble point pressure and obtain property data at the intermediate pressure of 



oil values. All oil densities and viscosities denoted by an asterisk were measured. 

CCE, density, and viscosity data are presented in Table 3.1.13. 

As stated in the scope of work, the fluid in the PVT cell was expanded down to 97 psia. 
At this pressure, some equilibrated gas was pumped off to the densitometer and then collected 
into a small high pressure cylinder for compositional analysis. This data may be found in Table 
3.1.14. Then all remainirlg gas was pumped out of the PVT cell until the 97 psia equilibrated oil 
was all that remained in the PVT cell. A portion of the oil phase was then pumped to the 
densitometer and the viscosimeter, while maintaining constant temperature and pressure. All 
remaining oil at 97 psia was pumped out of the PVT cell and collected into a small hgh pressure 
cylinder for compositional analysis. This data may be also found in Table 3.1.14. 

After the 97 psia measurements, subsequent samples of conditioned Flow Loop Oil 
were charged to the PVT cell. The bubble point of this fluid was verified each time, then property 
data at the intermediate pressures of 386 psia. 289 psia, and 184 psia were obtained. This data 
may also be found in Table 3.1.1 3. 

3.1.3.3. Constant Composition Exwnsbn 6390°F 

A portion of Flow Loop Oil, still conditioned at 1,500 p s ~  and 140°F, was charged into a 
high-pressure visual PVT cell, contained within an air bath and thermally equilibrated at a 
temperature of 90°F. The fluid was then subjected to a CCE. During this expansion a bubble 
point pressure of 423 psia was observed. 

As the CCE proceeded, fluid was also charged from the recombination cylinder to the 
Paar-Meffler densitometer and the capillary coil viscosimeter, both at 90°F. Single-phase density 
and viscosity measurements were taken at various pressures. The oil density and viscosity at the 
bubble point pressure was linearly interpolated from the measured single-phase oil values. All oil 
densities and viscosities denoted by an asterisk were measured. 

CCE, denstty, and viscosity data are presented in Table 3.1 .15. 

The fluid in the PVT cell was then expanded down to 97 psia. At this pressure, some 
equilibrated gas was pumped off to the densitometer and then collected into a small high 
pressure cylinder for compositional analysis. This data may be found in Table 3.1.16. Then all 
remaining gas was pumped out of the PVT cell until the 97 psia equilibrated oil was all that 
remained in the PVT cell. A p o t i i  of the oil phase was then pumped to the densitometer and 
the viscosimeter, while maintaining constant temperature and pressure. All remaining oil at 97 
psia was pumped out of the PVT cell and collected into a small high pressure cylinder for 
compositional analysis. This data may be found in Table 3.1.16. 

After the 97 psia measurements, another sample of conditioned Flow Loop Oil was 
charged to the PVT cell. The bubble point of this fluid was verified, then property data at the 
intermediate pressure of 234 psia was obtained. This data may also be found in Table 3.1.16. 

3.1.3.4. Gnstant Comuosition b n s i o n  Test 840°F 

A portion of Flow Loop Oil, still conditioned at 1,500 psg and 140°F, was charged into a 
high-pressure visual PVT cell, contained within an air bath and thermally equilibrated at a 
temperature of 40°F. The fluid was then subjected to a CCE. During this expansion a bubble 
point pressure of 309 psia was observed. The fluid in the PVT cell was expanded down to a fmal 
pressure of 97 psia. 



temperature. The accuracy is clearly related to the to the rate of cooling and the homogenerty of 
the temperature in the experimental apparatus. The magnitude of the signal also depends on 
cooling rate in the DSC experiments for example. Clearly the best data are for the lowest 
reasonable cooling rates. The refer to Jim Tackett's (Marathon) work for Deepstar CTR 207 Final 
Report and Kathy Greenhill's Deepstar CTR 204 final report for more extensive explanation of the 
limitations and accuracy of the different techniques use to measure the WAT. 

3.1 -6. Wax Dissolution Determinations 
Wax dissolution temperatures (WDT), the temperature when all of the wax dissolbes 

when the sample is heated, were measured using the FTlR technique. The infrared scatter data 
obtained when the RRF sample was heated from 160 '~ to 44°F to 160°F at 0.3"F per minute is 
shown in Figure 3.1.3. The WAT and WDT points are labeled. (This curve was greatly amplified 
to obtain these values.) This curve represents 'best" case data. The infrared scatter curves were 
not as well defined for some of the run conditions and differential techniques were used to locate 
the WAT and WDT points. 

The WDT values are listed in Table 3.1.1 8. The average difference between WDT and 
WAT for all the run conditions was 14°F. All of the individual differences were between 10 and 
17°F with the exception of a low value of 4°F and a high value of 28°F. These two values which 
are marked by a (') in Table 3.1.18 appear to be outliers. Repeat runs were not made. 

3.1.7. Solid Wax Determinations 
Table 3.1.22 compares the data determined by Marathon and D.B. Robinson on solids 

collect from the flow loop oils at temperatures near 50°F. 

3.1.7.1. Marathon Precidtation Exmiments 
The Marathon Oil Company made a set of equilibrium measurements to determine the 

composition and amount of solid wax from Recombined Oil 1 and flashed separator oil (FSO) by 
centrifugation and high-temperature gas chromatography. The dead oils were subsampled at 
140°F and then centrifuged at 29,000 rpm while the temperature was slowly stepped down from 
140°F to 50°F below cloud point for the South Pelto 10 Well 9-2 FSO. 

After centrifugation, supernatant and solid samples were taken and sent to Nenniger 
Engineering for n-paraffin analyses. The Nenniger Engineering results are given in Table 3.1.23. 
The solid n-paraffin content was obtained from Nenniger data using two different methods. One 
method was based on a direct analysis of the solids. The other method was to subtract the 
composition of the supematant that remained after centrifugation from the compositiion of the 
original stock tank oil. Figure 3.1.5 compares the solid n-paraffin distributions obtained by the 
two methods. 

3.1.7.2. D.B. Robinson Associates Precipitation b m e n t s  
D. 6. Robinson was subcontracted to make determinations of solid wax contents of the 

Recombined Oil 1 system. These measurements were completed in the bulk deposition 
apparatus. This apparatus operates over a similar range of temperatures and pressures as the 
DBR onset apparatus and facilitates the isolation of a wax sample for qualitative and quantitative 
analysis. Typically, a live fluid (or dead if necessary) is charged to a blind, high pressure cylinder 
where it is initially equilibrated at conditions outside the wax formation envelope (i.e. at a 
temperature greater than the previously measured cloud point). The cylinder is mounted on a 
racking mechanism and a Millipore filter is placed in-line so that the discharged solids may be 
collected. The system temperature is then lowered to the specified measurement value, and after 



liquid phase had little effect on stabilizing or altering the characteristics of the precipitating wax 
fraction. 



Appendix I: South Pelto I0 Well 9-2 

Index of Fiaures and Tables 

Tables 
South Pelto 10 Well 9-2 Sample Summary 
Stock Tank Oil API Gravities for all Measured Oil Compositions 
South Pelto 10 Well 9-2 Separator Gas Samples Analyses 
South Pelto 10 Well 9-2 Separator Liquid Compositions 
South Petto 10 Well 9-2 Measured Hydrocarbon Analysis of Recombined Oil 1 
DB Robinson Sample of Recombined Reservoir Oil - Recombined Oil Composition 
South Petto 10 Well 9-2 Constant Composition Expansion and Property Measurements of 
Recombined Oil 1 @ 232 "F 
South Pelto 10 Well 9-2 Constant Composition Expansion and Property Measurements of 
Recombined Oil 1 @ 136 OF 
South Petto 10 Well 9-2 Constant Composition Expansion and Property Measurements of 
Recombined Oil 1 @ 42°F 
Hydrocarbon Composition for Synthetic Natural Gas used for Flow Loop Oil 
South Pelto 10 Well 9-2 Measured Hydrocarbon Analysis of Recombined Oil 1 
Intermediate Mix of 182 GasiOil Ratio 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Measured Hydrocarbon 
Analysis of Flow Loop Oil 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Constant Composition 
Expansion and Property Measurements of Flow Loop Oil @ 140°F 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Compositional Analysis 
of Flow Loop Oil Equilibrium at 97 psia and 140°F 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Constant Composition 
Expansion and Property Measurements of Flow Loop Oil @ 90°F 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Compositional Analysis 
of Flow Loop Oil 8 Gas Equilibrium at 97 psia and 90°F 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Constant Composition 
Expansion and Property Measurements of Flow Loop Oil @ 40°F 
South Pelto 10 Well 9-2 Summary of Wax Data for Recombined Oil 1 (OF) 
South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas Summary of Wax Data 
(OF) for Flow Loop Oil 
South Pelto 10 Well 9-2 Apparent Viscosity Equations on Stock Tank Oil 
Stock Tank Oil Density from Recombined Oil 1 and Recombined Oil 2 
Solid n-Paraffin Formation Results 
Flashed Separator Oil Used for the Solids Analysis by Nenniger 
Recombined Oil Bulk Deposition Summary Data (@ 4000 psia, 58°F) 
Recombined Oil - Bulk Deposition: Liquid Composition @ 4000 psia, 58°F 
Recombined Oil - Bulk Deposition: Filtered Solid Composition @ 4000 psia, 58°F 
Recombined Oil Bulk Deposition Summary Data (@ 800 psia, 50°F) 
Recombined Oil - Bulk Deposition 
Recombined Oil - Bulk Deposition: Filtered Solid Composition @ 800 psia, 50°F 



Table 3.1.1 

Cylinder 
Number 

South Pelto 10 Well 9-2 Sample Summary 

Separator Gas 
Laboratory 

Se~arator Conditions O~enina Pressure 

Pressure Temperature Pressure Temperature 
(Dslal 0 (Dsia) 0 

Separator Liquid 
Laboratory 

Separator Conditions Bubble Point Conditions 

Cylinder Pressure Temperature Pressure Temperature 
Number bsiq) I"F) (Dsia) I"F) 

Samples selected for recombination. 



Table 3.1.3 

South Pelto 10 Weii 9-2 
Separator Gas Compositions 

Corn ponent 
WL142 
Mol % 

Mol Weight 17.73 
Gas Gravity 0.612 
GPM Value 1.748 
Z Factor at separator 0.969 
conditions 

BTU Content 1073.3 
per dry gas at 14.73 psia and 60°F 

WL256 
Mol % 

WL292 WL312 WL315 
Mol % Mol % Mol % 

Hydrocarbon Properties 

WL212 
Mol % 

WL284 
Mol % 

WL167 
Mol % 



Table 3.1.6 

Component 

N2 
C02 
Cl  
C2 
C3 
iC4 
nC4 
iC5 
nC5 
C6 
C7 
CB 
C9 
ClO 
C l l  
C12 
C13 
C14 
C15 
C16 
C17 
Cl8 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C3ch 

South Pelto 10 Well 9-2 
Measured Hydrocarbon Analysis of Recombined Oil 1 

Calculated Cdculated 
Mole Mote WdgM Welght Molecular 

Percent Percent Percent Percent ---- Wdght 

PmperUes d Hydrocarbon Fractions 
molwt 

C7+ Fradial 44.48 45.62 89.75 90.28 236.5 
C l  I +  Fraction 31.49 31.64 77.02 76.74 286.6 
ClSc  radial 21.90 21.62 63.28 62.50 338.6 
C20, Fradion 12.68 12.53 44.89 44.56 415.0 
C3ch Fradian 3.85 4.00 20.30 20.96 618.1 

Overell R-r Fluid 
Gas Oil Rabjo 454.7 scflbbl d stock tank 



Table 3.1.7 

South Pelto 10 Well 9-2 

Constant Composition Expansion and Property Measurements 
of Recombined Oil 1 @ 232°F 

Liquid Oil Gas Oil 
Pressure Relative Volume Compressibility Density Density Viscosity 

(psia) Volume (2) Percent volhrol x10-E06) (amlcc) Lq mlcc) kEQ 

(1) Bubble Point Pressure 

(2) Relative Volume: VNsat is the total volume of fluid at the indicated 
pressure per volume of saturated fluid at the bubble point pressure. 

Measured Property Data 



Table 3.1.9 

South Pelt010 Well 9-2 

Constant Composition Expansion and Property Measurements 
of Recombined Oil 1 @ 42°F 

Liquid Oil Gas Oil 
Pressure Relative Volume Compressbilty Density Density Viscosty 

(psia) Volume (2) Percent fxiO-EOG) (gmlcc) (gmlcc) (CP) 

(1) Bubble Point Pressure 

(2) Relative Volume: VNsat is the total volume of fluid at the indicated 
pressure per volume of saturated fluid at the bubble point pressure. 

Measured Property Data 



Table 3.1.11 

Corn ponent 

C2 
C3 
iC4 
nC4 
iC5 
nC5 
C6 
C7 
C8 
C9 
ClO 
C l l  
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30+ 

South Pelto 10 Well 9-2 
Measured Hydrocarbon Analysis of Recombined Oil 1 

Intermediate Mix of 182 GaslOil Ratio 

Mole Weight Molecular 
Percent Percent Weiqht 

Properties of Hydrocarbon Fractions 

C7+ Fraction 62.42 
C l l +  Fraction 43.83 
C15+ Fraction 30.46 
C20+ Fraction 17.68 
C30+ Fraction 5.71 

Overall Reservoir Fluid 157.6 
Gas Oil Ratio 182 sdlbbl of stock tank 
I ~ h i n l  Recombination used for cloud point measurements only. I 
I wax and cloud point information on/;. 
Pob = 1260@1B0°F 

Specific 
Gravity 



Table 3.1 .I 3 

South Pelto 9-2 Stock Tank Oil & City of Tulsa Synthesized Gas 

Constant Composition Expansion and Property Measurements 
of Flow Loop Oil @ 140°F 

Liquid Oil Gas Oil 
Pressure Relative Volume Compressibility Density Density Viscosity 

(psia) Volume (2) Percent (vol/voI x10-E06) lam/cc) bmlcc) Isfa 

(1) Bubble Point Pressure 

(2) Relative Volume: VNsat is the total volume of fluid at the indicated 
pressure per volume of saturated fluid at the bubble point pressure. 

Measured Property Data 



Table 3.1.1 5 

South Pelto 9-2 Stock Tank Oil & City of Tulsa Synthesized Gas 

Constant Composition Expansion and Property Measurements 
of Flow Loop Oil @ 90°F 

Liquid Oil Gas Oil 
Pressure R e l a t i  Volume Compressibility Density Density Viscosity 

(psia) Volume (2) Percent lvolhrol xlO-EM) (gmlcc) (gmlcc) (CP) 

(1) Bubble Point Pressure 

(2) Relat i i  Volume: VNsat is the total volume of fluid at the indicated 
pressure per volume of saturated fluid at the bubble point pressure. 

Measured Property Data 



Table 3.1.17 

South Pelto 9-2 Stock Tank Oil & City of Tulsa Synthesized Gas 

Constant Composition Expansion and Property Measurements 
of Flow Loop Oil @ 40°F 

Liquid Oil Gas Oil 
Pressure Relative Volume Compressibility Density Density Viscosity 

(psia) Volume (2) Percent lvollvol xl0-E06) (gmlcc) (gmlcc) (CP) 

(1) Bubble Point Pressure 

(2) R e l a t i  Volume: VNsat is the total volume of fluid at the indicated 
pressure per volume of saturated fluid at the bubble point pressure. 

Measured Property Data 

NOTE: Gas and oil densities below bubble point pressure as well as viscosrty data 
could not be obtained due to excessive wax buildup. 



Table 3.1 . I9 

South Pelto 9-2 Stock Tank Oil 8 City of Tulsa Synthesized Gas 
Summary of Wax Data (OF) 
for Flow Loop Oil 

Pressure FTlR FP 
E h  - WAT - WDT - WAT - WDT 

FTlR = FOURIER TRANSFORM INFRARED SPECTROSCOPY 
FP= FILTER PLUGGING 
WAT = WAX APPEARANCE TEMPERATURE 
WDT = WAX DISSOLUTION TEMPERATURE 



Table 3.1.21 

Stock Tank Oil Density From 
Recombined 051 1 and Recombined Oil 2 

South Pelto 10 Main Pass 299 
Well 9-2 Well 8-4 

Temperature 
O F  

Density 
g mlcc 

Density 
g mlcc 



TABLE 3.1.23 

F h M  Sepm* 011 Usad For mb Solk  Arutysia by IYlllnhr 

n P a d l h  Arutyca n-hdlhhutyses n p l ~ h u t y s e s  
B.ton C o o l l ~  Nmr Cooling W b  

cmmm WGHI m w z E c w u n M  WGM ~ R U M I Z E U Y ~ ~  WGM ~IWUZE CLULUTM 
W E E R  PERCWT W G M Y  W H Y  PERCWT W M  Y W M  Y W G M Y  W G M Y  

17 1.0248 15.5573 6.5876 1.143 18.640 6.089 
18 0.8352 12.6781 5.5627 0.680 14.484 4.026 
19 0.6156 8.3453 4.7276 0.632 10.406 4.046 
20 0.5764 8.7504 4.1118 0.576 8.484 3 414 
21 0.3891 5.6034 3.5355 0.389 6.402 2.838 
22 0 3720 5.8471 3.1584 0.380 6.422 2.450 
23 0.3576 5.4285 2.7944 0.383 6.311 2.080 
24 0.3321 5.0413 2.4367 0.341 5.624 1.877 
25 0.2923 4.4387 2.1046 0.261 4.283 1.336 0.2413 1.81457 13.2978 
26 0.2380 3.6286 1.8124 0.241 3.964 1.075 0.26511 1.88362 13.0566 
z7 0.1888 2.6370 1.5733 0.181 2.079 0.835 0.2713 2.04017 12.78148 
1 0.1736 2.6356 1.3864 0 168 2.776 0.654 0.32858 2.47851 12.52018 
29 0.1713 2.8005 1.2128 0.158 2.565 0485 0.42772 3.21645 12 1808 
SO 0.1200 1.8210 1.0415 0.088 1.580 0.330 0 . 4 m  3.48551 11.76288 
31 00871 1.4744 0.8216 0.070 1.152 0.234 0.54541 4.10147 11.28805 
32 0.0944 1.4327 0.8244 0.080 0.896 0.164 0.57216 4.30263 10.75264 
33 0.0733 1.1132 0.73W 0.042 0.688 0.103 0.57048 4.29008 10.18048 
34 0.0573 0.88Bi 0.6587 0.028 0.428 0.081 0.5485 4.11305 8.80899 
35 0.0477 0.7247 0.5884 0.016 0 . m  0.035 0.53088 3.8907 9.06X)4 
35 0.0399 0.6058 0.5517 OMUI 0.137 0.018 0.48721 3.73901 8.53236 
37 0.0311 0.4720 0.5118 0.004 0.088 0.010 0.52145 3.8213 8.03515 
38 0.0345 0.5243 0.4807 0.004 0.064 0.008 0.51726 3.88978 7.5137 
39 0.0432 0.6552 0.4482 0.002 0.038 0.002 0.4806 3.6141 6.- 
44 0.0382 0.5788 0.4030 0.4851 3.64784 6.51584 
41 0.0350 0.5310 0.3648 0.42719 3.21246 6.03074 
42 0.0424 0.6438 0.3298 0.52847 3.95905 5.60355 
43 0.0302 0.4564 0.2874 0.38822 3.00213 5.07708 
U 0.0287 0.4348 0.2572 0.43042 3.23675 4.67788 
45 0.0221 0.3347 0.2288 0.37885 2.84885 4.24744 
U 0.0223 0.3385 0.2065 0.43573 3.27888 3.88858 
47 0.0203 0.3068 0.1642 0.35854 2.68117 3.43286 
48 0.0189 0.2889 0.1839 0.36315 2.73088 3.07632 
*D 0.0190 0.2884 0.1450 0.31088 2.33781 2.71317 
W 0.0238 03808 0.1280 0.37688 2.83398 2.40228 
51 0.0156 0.2371 0.1022 0.27328 2 05508 2.02543 
52 0.0124 0.1881 0.0886 0.22357 1.68124 1.75215 
53 0.0086 0.1450 0.0742 0.19538 1.46825 1.52858 
64 0.0082 0.1251 0.0646 0.16234 1.22078 1 3332 
55 0.0071 0.1082 0.0564 0 13737 1.03302 1.17088 

0.0058 00882 0.0483 0.10887 0.8187 1.03348 
57 0.0051 0.0776 0.0435 0.08852 0.72583 0.82462 
M 0.0046 0.0884 0.0383 0.0836 0.62887 0.8281 
59 0.0042 0.0643 0.0338 0.07999 0.60152 0.7445 
60 0 0035 0.0532 0.0295 0.06639 0.48925 066451 
61 0.0036 0.0550 0.0260 0.08555 0 49283 0.59812 
62 0.0030 0.0454 0.0224 0.05432 040848 0.53257 
63 0.0028 0.0440 0.0184 0.05178 0.38938 0.47825 
64 0.0023 0.0342 0.0165 0.04122 0.30997 0.42647 
66 0.0022 0.0336 0.0143 0.04343 0.32659 0.38525 
66 0.0018 0.0273 0.0121 0.03822 0.27237 0.34182 
67 0.0018 0.0280 0.0103 0.04116 0.30852 0.3056 
W 0.0014 0.0209 0.0064 0.03236 0.24335 0.26444 
69 0.0014 0.0208 00070 0.03188 0.24048 0.23208 
70 0.0010 0.0152 0.0057 0.02708 0.20349 0.2001 
71 0.0011 0.0161 00047 0.02799 0.21048 0.17304 
72 0.0007 0.0105 0.0036 0.0203 0.15266 0.14505 
73 0 . W  00113 0.0028 0.M248 0.16805 0.12475 
74 0.0005 0.0088 0.0022 0.01509 0.11348 0.10227 
75 0.0005 0.0074 0.0017 0.01802 0.13551 0.08718 
76 0.0003 0.0043 0.0013 0.01122 0 . W 3 7  0.08916 
77 0.0003 0.0044 0.0010 0.01331 O.lWO9 0.05784 
76 0.0002 0.0027 0.0007 0.00932 0.07009 0.04483 
79 0.0002 0.0025 0.0005 0.00914 0.08873 0.03531 
60 0.MKH 0.0015 0.0003 0.00876 0.05084 0.02617 
81 000663 004966 0.01841 
82 0.00357 0.02885 0.01278 
63 0.00277 0.02083 0.00921 
M 0.00213 0.01602 0.- 
66 0.00235 0.01767 0.00431 
$6 0.00121 0.0091 0.00198 
67 0.00075 0 00564 0.00075 

ksQfI&w 
WFM 

0.M 

1.0747564 
0.826824 
0.5836184 
0.541628 
0.3652088 
0.3885388 
0.36001CS 
0.3208596 
0.2503762 
0.2420518 
0.1882208 
0.1781654 
0.1720024 
0.1179982 
0.0884588 
0.0911714 
0.0741042 
0.0572476 
0.047144 
0.037W 
0.0351788 
0.034884 
0.0310262 
0.028106 
0.0256314 
0.0315882 
0.0238532 
0.0258252 
0.022731 

0.0261438 
0.0213824 
0.021788 
0.0188528 
0.0228116 
0.0163968 
0.0134142 
0.0117228 
0.0097404 
0.0082422 
0.0085322 
0.0057012 
0.005016 
0.0047884 
0.003883.a 
0.003833 
0.0032592 
0.0031088 
0.0024732 
0.0026058 
0.0021732 
0.0024688 
0.001M16 
0.0019188 
0.0016236 
0.0016794 
0.001218 

0.0013466 
00008054 
0.0010812 
0.0008732 
0.0007988 
0.0005582 
O.WO5484 
O.WO58 
0.0003078 
0.0002142 
0.0001662 
0.0001278 
0.000141 
0.W00726 
0.000045 



Table 3.1.25 
RECOMBINED OIL - BULK DEPOSITION: 
LlQLllD COMPOSITION @ 4000 psia, 58°F 

COMPONENT 
C02 
H2S 
N2 
C l  
C2 
C3 
I-C4 
KC4 
I-C5 
KC5  
C6 

MCYC-C5 
BENZENE 
CYCL-C6 

C7 
MCYCL-C6 
TOLUENE 

C8 
C2-BENZENE 
MW-XYLENE 

(IXYLENE 
C9 
ClO 
C l l  
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C2 1 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30+ 

MW= 
DENSIlY= 0.781 

WT. GASl WT. SAMPLE= 
GOR (1P STD 

GAS 
MOLE % 

1.158 
0.000 
0.258 
85.958 
5.279 
2.959 
1.014 
1.303 
0.622 
0.422 
0.51 3 
0.044 
0.177 
0.065 
0.040 
0.068 
0.005 
0.015 
0.006 
0.041 
0.037 
0.01 3 
0.002 
0.002 
0.001 
0.000 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. 000 
0.000 
0.000 

LIQUID 
WTX 
0.000 
0.000 
0.000 
0.000 
0.000 
0.057 
0.072 
0.157 
0.282 
0.266 
0.936 
0.223 
0.000 
0.256 
1.518 
0.71 5 
0.732 
2.024 
0.104 
0.889 
0.486 
2.169 
3.907 
3.675 
3.689 
4.572 
4.337 
4.542 
4.043 
4.022 
4.015 
3.808 
3.446 
3.170 
2.91 3 
2.759 
2.572 
2.520 
2.080 
2.170 
2.264 
2.373 
22.235 

OVERALL 
WTK 
0.263 
0.000 
0.037 
7.126 
0.820 
0.725 
0.369 
0.532 
0.484 
0.396 
1.066 
0.219 
0.071 
0.257 
1.379 
0.675 
0.657 
1.821 
0.096 
0.818 
0.456 
1.950 
3.499 
3.291 
3.303 
4.093 
3.884 
4.066 
3.620 
3.601 
3.594 
3.409 
3.085 
2.838 
2.608 
2.470 
2.302 
2.256 
1.862 
1.943 
2.027 
2.125 
19.905 

MOLE K 
0.657 
0.000 
0.146 
48.752 
2.994 
1.804 
0.697 
1.005 
0.736 
0.602 
1.357 
0.286 
0.100 
0.343 
1.511 
0.754 
0.783 
1.749 
0.099 
0.846 
0.471 
1 668 
2.866 
2.457 
2.252 
2.567 
2.244 
2.166 
1.790 
1 568 
1.572 
1.423 
1.231 
1.070 
0.938 
0.852 
0.763 
0.718 
0.569 
0.570 
0.573 
0.580 
3.767 

GROUP 
MOLE K 
0.657 
0.000 
0.146 

48.752 
2.994 
1.804 
0.697 
1.005 
0.736 
0.602 

psia 



Table 3.1.27 

RECOMBINED OIL 
BULK DEPOSITION SUMMARY DATA 
(@ 800 psia, 50°F) 

Initial Charge of Recombined Oil 
(@ 4000 psia, 160°F) 

Mass: 
Density: 
Volume: 

Reduce Temperature to 24°F and Equilibrate at 4000 psia 

Liquid Phase: 

Mass: 
Density: 
Volume: 

Vapor Phase: 

Mass: 4.58 g 
Density: 0.0538 glcm3 
Volume: 85.21 cm3 

Solid Phase: 

Mass: 4.38 g 
Density: 0.85 glcm3 
Volume: 5.1 5 cm3 
Thermal Conductivity 0.23 W1m.K 

1.6 Btul[(h,ft2)("F/in)] 

Weight Fraction Solids Precipitated @ 800 psia, 50°F: 5.1% 



Table 3.1.29 
RECOMBINED OIL - BULK DEPOSITION: 
FILTERED SOLID COMPOSITION @ 800 psia, 50'F 

CerbonNuntwr Md. WugM rtParsmn(wi%) nn rb Rrdlin (wt%)CarbonNu& Md. W*M n-Rrdlin(wt%; n- Rrdlin (wt%) 

ClO 
C l l  
C12 
C13 
C14 
Cl5 
C16 
C17 
Cl8 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
c n  
C28 
C29 
c30 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 
C39 
C40 
C41 
C42 
C43 

C44 
C45 
C46 
a 7  
C48 
a 9  
C50 
C51 
C52 
C53 
C54 
C55 
03 
C57 
C58 
C59 
C60 
a 1  
C62 
c63 
C64 
C65 
C66 
a 7  

Totals: 



Figure 3.1.2 
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